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Summary
Among metallic systems, the two-dimensional electron gas (2DEG) is a class by itself. The
reduced dimensionality has revealed a variety of new phenomena, and has generated a new
generation of semiconductor devices. In this thesis I present a study on two-dirnensional-
electron transport in high-rnobility MOSFETs at temperature below 4.2 I( The electron
transport mobility often serves as a characterization of the device quality, for scattering
determines the length scales and the smearing of energl levels in the 2DEG. The essential
ingredients in technolory and handling to obtain a high mobility are discussed and the
resulting device quality that is achieved, is compared with results by other groups.
In an inversion layer at low temperatures, elastic scattering of electrons is caused by
Coulomb centers and by the roughness of the Si-SiO, interface. In the low-electron-density
range, the transport mobility increases with increasing electron density, due to improved
screening of the Coulomb centers. A linear temperatuÍe dependence of mobility is
observed if the mobility exceeds 1 m2/Vs. It stems from the temperature dependence of
the electron distributiorg which affects the screening. At high electron density interface
roughness begins to dominate causing a decrease in mobility. We find that the experiments
are in much better agreement with theory if the Si-SiO, interface ro rghns55 i5 no1
described with the commonly taken Gaussian correlatiorl but with an exponential
correlation. The correlation lengh of the roughness is found to be about 70 À This is in
agreement with a recently developed model that describes the interface as of large
atomically flat areas separated by atomic steps.
Part of the Coulomb centers in the oxide consists of mobile alkali ions. By applying a
positive or a negative gate voltage at a temperature of 300 'C, the location of these ions
is either close to the Si-SiO, interface or at the interface of SiO, with the gate. We study
the inÍluence of these ions and their location on the low-temperature transport mobility.
The density of mobile ions is determined from the shift in threshold voltage. It appears that
drift of ions towards and from the Si-SiO, interface induces a reversible contribution to the
total scattering rate of the electrons. From a comparison with theory we conclude that the
ions are not located at the interface, but rather in an adjacent slab ofapproximately 100
Á thick. Unexpectedly, the mobile ions also influence the mobility at high electron
densities. This indicates that the roughness of the interface depends on the density of
charged centers in the oxide. We present measurements on the level broadening in the
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Shubnikov-de Haas (SdH) regime for a determination of the lifetime of the electrons. The
lifetime is much smaller than the transport time. This implies that in high-mobility samples
small-angle scattering is important, which also suggests that the Coulomb centers are
located at a certain distance from the interface. For the dimensions of future Si-devices
based on quantum ballistic transport this implies that not the transport time, but the
lifetime should be considered to determine the required device dimensions. The quality of
the devices that have been made and are presented in this thesis brings the dimensions of
such a device within the attainable lithographic limits.
At high electron density, we show that electrons populate a second subband. Shubnikov-de
Haas oscillations are used to determine the electron density in both subbands. The
conductivity shows a linear temperature dependence that is reminiscent of the temperature-
dependent transport in the first subband at low carrier density and high mobility. In the
potential well, two different carriers are now present, giving rise to deviations in the Hall
resistivity. These deviations get larger as the temperature decreases from 4.2 to 1.I K. It
appears that the temperature dependence of the Hall resistivity and conductivity is caused
by a temperature-dependent mobility in the second subband. Temperature-dependent
contributions of the second subband to the total screening are expected if the level
broadening by collisions is much less than the broadening by temperature. This condition
can only be fulfilled if the second subband is associated with the four minima in the
Brillouin zone parallel to the interface.
The unique properties of thin-film superconductors in a perpendicular magnetic field ask
for an application as gate metallization in a MOSFET. We use the combination of
superconductor-oxide-2DEG for a variety of new experimental techniques that reveal
information about the distribution and motion of magnetic-flux quanta (vortices) in the
superconductor. The superconductors that we use are NbN and Nbr-*Mo, (with x ranging
from 0 to 0.15)
The Hall resistivity of the 2DEG is very sensitive to the amount of flux that penetrates the
superconductor, so that a MOSFET with a superconducting gate is an ideal device for
magnetization experiments. We show that entry of flux in a superconductor is not gradual,
but occurs by flux jumps. The vortices in the superconductor have a nonequilibrium
distribution, which is sustained by pinning forces. By raising the magnetic field, the internal
pressure increases until some vortices move. This motion is dissipative and the temperature
of the lilm ïncreases locat\. Because a temperatue rise lowers the pinning forces, other
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vortices are dragged in the motiorq causing an avalanche of vortices (a jump). The largest
jumps observed contain approximately ld vortices. The sensitivity of the experiment
depends on the device geometry, and is in our case 1d vortices. We mention three
applications of these meÍ$urements for future research. A reduction of sample dimensions
with submicron lithography will enable the detection of a single flux quantum. In situ
measurements of flux distributions can be obtained by using a dual-gate structure. The
similarities that exist between flux jumps and other avalanche phenomena, s rggest hat this
system a likely candidate to study self-organized criticality.
Vortices that penetrate the superconducting thin film move under inÍluence of the l.orentz
force exerted by a transport c'urrent. The dissipative motion causes a voltage drop in the
direction of the current. If the viscous force and the lnrentz force are forces relevant. one
expects this voltage to depend linearly on the current. However, we find experimentally
that this dependence is nonlinear. Four mechanisms are evaluated that can lead to
nonlinearity. Besides a nonequilibrium population of quasiparticles in the vortex core at
large vortex velocity, we argue that pinning forces play an essential role. Close to the
critical temperature of the superconductor at low magnetic fields, a nonequilibrium
population is the only mechanism that is relevant, from which we obtain the energy
relaration time of niobium.
In the last subject of this thesis, we again pass a current through the superconductor, but
now we study the effects of the moving vortices on the ZDEG. We show that the stack of
superconductor-oxide-2DEG is capable of transforming a voltage on the superconductor
to the 2DEG (analogous to the Giaever transformer). Two things are essential for such a
coupling: the superconducting gate creates an inhomogeneous magnetic field, while the
2DEG has a large magnetoresistance due to SdH-oscillations. The moving magnetic field
pattern of the vortices causes a moving electric-field pattern in the plane of the 2DEG and,
as in any other metal, eddy currents are generated. However, the inhomogeneous magnetic
field yields a resistivity that changes along the electric-field lines. To preserve charge
conservation, each moving vortex in the superconductor induces a dipole charge in the
ZDEG. An array of moving vortices (and dipoles) induces a macroscopic voltage drop. We
show that this voltage drop depends on the inhomogeneity of the magnetic field, the
magnetoresistivity of the 2DEG and the flux-flow voltage in the superconductor. Because
in the SdH-regime the magnetoresistivity of the 2DEG depends on the electron density,
the sign and magnitude of the coupling can be adjusted by the gate voltage. The
inhomogeneity of the magnetic field that we obtain agrees with its expected value, but
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decreases as the velocity of the vortices increases. Besides this coupling mechanism, we
observe that a second mechanism simultaneously induces additional coupling The
contribution 6f this second mechanism is independent of the magnetoresistivity, and we
speculate that its origin is found in t,he motion of the electrons perpendicular to the
electric-field lines in the SdH-regime.
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